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I. Basis of the report 



Description, Pages 

1 -7, 1 0, 1 1 , 1 5-1 9, 21 -36 as originally filed 

8, 9. 1 2-1 4, 1 4a, 20, 20a filed with telefax on 03.06.2004 

Claims, Numiiers 

^ .2Q filed with telefax on 03.06.2004 

Drawings, Sheets 

1/11-11/11 originally filed 



These elements were available or furnished to this Authority in the following language: . which .s: 

□ the language of a treinslation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andAar 55.3). 

3 With reaard to any nucleotide andtor amino acid sequence disclosed in the international application, the 
^' KnXnal prSK^^^^ was carried out on the basis of the sequence listing. 

□ contained in the international application in written forni. 

- □ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written fonn. 

□ fumished subsequently to this Authority in computer readable fomn. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been fumished. 

□ The statement that the information recorded In computer readable fomi is Identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted In the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing sucli amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicability; 
citations and explanations supporting sucli statement 
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Novelty (N) 
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Claims 


1-25 
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Inventive step (IS) 


Yes: 


Claims 


1-25 
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Claims 


26-28 


Industrial applicability (lA) 


Yes: 


Claims 


1-25 




No: 


Claims 


26-28 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents : 

D1 : WO 00 71 742 A (HICKMAN JAMES J) 30 November 2000 (2000-1 1 -30) 
D2: WO 01 25769 A (SOPHION BIOSCIENCE AS) 12 April 2001 (2001-04-12) cited in 
the application 

D3: WO 99 31503 A (SCHMIDT CHRISTIAN ;VOGEL HORST (CH)) 24 June 1999 
(1999-06-24) 

D4: WO 01 48474 A (DODGSON JOHN ;ASTRAZENECA UK LTD (GB); 

ASTRAZENECA AB (SE)) 5 July 2001 (2001-07-05) 
D5: SCHMIDT C ET AL: 'A CHIP-BASED BIOSENSOR FOR THE FUNCTIONAL 

ANALYSIS OF SINGLE ION CHANNELS' ANGEWANDTE CHEMIE. 

INTERNATIONAL EDITION, VERLAG CHEMIE. WEINHEIM, DE. vol. 39, no. 

3137, 2000, pages 3137-3140, XP001 002622 ISSN: 0570-0833 
D6: DE 297 21 359 U (ITT IND GMBH DEUTSCHE) 12 February 1998 (1998-02-12) 

1.0 Plor to assessing novelty. Inventive step and Industrial applicability of the claimed 
subject-matter It is noted that the claims contravene Rule 6.2(a) POT, which clearly 
states that claims shall not contain references t6 the drawings &/or description. 

1.1 The document D2 Is regarded as being the closest prior art to the subject-matter of 
the independent claims 1,15 and 24 and discloses (the references in parentheses 
applying to this document): 

A substantallly planar substrate for use in patch clampanalysis of the 
electrophysiological properties of a cell membrane (cf D2 Page 9 line 4-7), wherein the 
substrate comprises an aperture having a rim defining the aperture, the rim being 
adapted to form a gigaseal upon contact with the cell membrane (cf D2 Fig:3C, Page 
12 line 28-32). 

1.2 Vis-a-vis this known device the apparatus of claim 1 and the method claims 15 and 
24 differs in that the during measumnent of the electrophyiological properties of cells 
consisting of a glycocalyx, the rim of the aperture protruding from the plane of the 
substrate to a height in excess of the thiclcness of the glycocalyx. 
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Hence the apparatus of claimi and the corresponding method claims 15 and 24 are 
thus novel over the cited and consulted prior art. 

1 .3 This feature addresses the problem of overcoming the lack of integrity of the seal 
caused by the presence of a glycocalyx. 

1 A In particular, the rim is shaped such that the area of physical contact between the 
substrate and the cell membrane is minimised favouring penetration of the glycocalyx 
and formation of a non-compromised gigaseal. The presence of a rim as is recited in 
D2 would not have the effect of displacing the glycocalyx and thus the seal would be 
subsequently compromised . The fact that the rim exceeds the height of the glycocalyx 
ensures that the rim is equipped to penetrate the glycocalyx and promotes gigaohm 
seal fonmation, 

1 .5 Such an apparatus or method of making such an apparatus in which the rim must 
exceed the height of the glycocalyx is not apparent from the consulted or cited prior art, 
where this problem is not even mentioned. 

1 .6 Concluding the apparatus and method claims 1,15 and 24 respectively are also 
seen to involve an inventive step. 

D1 does mention the formation of a gigaohm seal with cells containing a glycocalyx but 
fails to acknowledge the problems associated with the formation of such a seal for 
electrophysiological measurements, and also fails to disclose the rimmed aperture and 
subsequent modifications necessary to create a non-compromised gigaseal with such a 
cell possessing a glycocalyx. 

1 .7 As the industrial applicability of the subject-matter of claims 1,15 and 24 is 
immediately apparent, all the requirements of Article 33 PCT are met, 

1 .8 Claims 2-14, 16-23, and 25 define further refinements of the inventive idea 
underlying claims 1,15 and 24 respectively. As such these claims also meet the 
requirements of Article 33 PCT. 
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the substrate^ which is turn ifi depeadent on the size of the area of contact 
betvsreen llie cell membirane arid Ibe substrate. 

The physical area of ccxQitact between the cell membrane and a planar 
5 silicon diip (about l|im vA63i of contact rim; see Figure 2, right band 
diagiram) wifh a smoothly rounded^ fuzmel-like orifice is mucb larger than 
that formed between a cell membrane and a glass mioropipette (about 100 
nmTVidth; Figure 2, left hand diagram). This results in the force per unit 
area being considerably reduced in the chip relative to 'flhe pipette 
10 configuration, and the number of intercalated glycoproteins in the contact 
area being much larger^ effectively preventing the required Angstrfim 
distance between the phospholipid bilayer and the substrate sm-fece 
imperadye for the formation of a gigaseal. 

15 The present invention seeks to address this problem by providing a 

planar substirate (e*g. a silicon-based chip), suitable for patch clamp studies 
of tbe eIecfr<^hysiolcgicai properties of cell membrane, which is designed 
to provide a reduced area of contact mth the cell membrane, thereby 
promoting the formation of a gigaseal* 

20 

Thus, a first aspect of the invention provides a substantially planar 
substrate for use in patdbt clamp analysis of the electrophysiological 
properties of a cell membrane comprising a glycocalyx, wherein the 
substrate comprises an aperture having a rim defining die aperture, the xim 
25 being adapted to form a gigaseal iqpon contact with the cell membrane, the 
rim protruding ftom the plane of the substrate to a height in excras of the 
thidcness of the gjycocalyx. 

iQ a prefixed embodimenl^ die substrate is a silicon-based chip. 

30 
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In fte present cojoJex^ tte term gi^eal nowxajfy iadicates a seal of 
a least lO obm, and this is tiie size of seal noimally aimed at as a TniTiimnTOj 
but fbr cedlaiQ of measuremeixts vnhssKi the caxxegaia are large, lower 
values maybe saSidaat as Uueshold values. 

By 'glycocalyx' we meaxi the layn exerted by the peptide- and 
^(yco-niDied<^ wUch eactcad into tlie extcacellular space Sxm the 
glycoprotems in the lipid bilayer of Ihe cell membxaoe. 

ViXfSatsSclfyt the linx extends at least 2Qmn, at least 30 mn, at least 40 
nm. at least SO nm, at least 60 nm^ at least 70 nm, at least 80 nm, at least 90 
mn or at least 100 nm above the plane of the substrate. 

AdvEmtageously, di© rim is shaped sucii diat the area of physical 
contact between Ihe substrate and the cell membrane is mininuBed, Hi^by 
fevoujcmg penetration of the glycocalyx and foitnation of a gigaseal- 

It will be appreciated by persons sidlled m the art that Hxe rim may be 
of any suitable (scoss-sectlonal profile. For example^ Ifae walls of the xim 
may be tapered or substantially parallel . LUs&mse, the uppermost tip of the 
xim may take several shapes, for example it may be dome-shaped^ flat or 
pointed. FurfliemLOie^ the rim protnisicm msy be substantially peipendicnlar 
to, oblique, or parallel with fbe plane of tihie substrate. A parallel protmding 
rim may be located at or near to the mou& of the aperture or» alternatively^ 
positioned deep^ into tbe ep&tca^. Conveniently, the width of the rim is 
bet^veen 10 and 200 nm. 

It will be furflier appreciated by persons skilled in the art that the 
aperture should have dimensions which do not permit an intact cell to pass 
through the planar substrate. 
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Examples of liie genwal deaiga of the preferred ewabodbneot of the 
first aspect of flbie inveaation i?srlierem the jsubstrate con5)rises inl^ral 
ele<^od^ (but without the rimmed aperture feature of the jwcesrat 
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invegotion) are described m WO 01/25769. 

A second aspect of the mv<»tion provides a method of xnaldbag a 
substantially planar substrate for use in patch danq? analysis of t3io 
electrophysiological properties of a cell membrane comprising a 
glycocalyx, wherein the substrate comprises an aperture havmg a rim 
defining the ^erture, the rim being adapted to form a gigaseal upon contact 
with the cell membrane^ the method comprising Ibe steps of: 

(i) providing a substrate template; 

(ii) forming an aperture in the template; and 

(iii) forming a rim around the aperture such that flie rim protrudes 
firom Ifae substrate to a height in excess of the thickness of the 
glycocaJiyx. 

Preferably^ the substrate is manuj&ictuired- using silicon micro 
:^rication tedmology ''Madou^ M.» 2001'\ 

It will be appredated by persons sidlled hi the art that steps Gi) and 
(iii) may be pescformed sequ^idaUy (i.e. in temporally separate steps) or at 
the same time. 

Advantageously, step (ii) comprises foiming an aperture by use of an 
inductively coupled plasma (ICP) deep reactive ion etch process. "Lacrmer 



F. and Schilp, A., DE4241045^* 

Wxm it is required to form a substantially vertical protrusion relative 
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directional and selective etching of the ftoxrt side of the substrate causing a 
xemcyval of a masking layer on the front side of the substrate, and furfher 
proceedmg the prescribed protnision distance into the underlying substrate. 

As a resxdt of a faster etch rate of silicon compared to that of the 
5 xoasldng material, the masking material will be left inside the aperture* and 
protrude from the surface. An overall surface coatang can subsequaatly be 
^pUed. 

When it is required to form a protrusion lying substantially in the 
plane of the substrate, the method comprises an intermediate step of using 

10 Inductively Coupled Plasma (ICP) etch or Advanced Silicon Etch (ASE) for 
the formation of the pore> where the repetitive alternation of etching and 
passivation steps characterising these methods^ will result in some 
scalloping towards the mouth of the aperture. By suitable adjustment of Ihe 
process parameters, the scalloping can result in an inward in plane 

15 protrusion of the rim. 

Again, an overall surface coating can subsequenfly be employed. 

Conveniently, the method further comprises coatiuag the surface of the 
substrate (e.g. with silicon oxide), either before or after formation of the 
aperture and/or rim. Allmiatively, step (iii) is performed at the same time as 
20 coaling the substrate. 

Such coatings may be deposited by use of plasma enhanced ch^cal 
vapour deposition (PECVD) and/or by use of low pressure chemical vsBqpour 
deposition (LPCVD). 

25 The prefisited embodiment of the first aspect of tine invention wherein 

tib.e substrate comprises integral electrodes may be manu&ctured as 
described in WO 01/25769). 
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A third aspect of the invention provides a method for analysing tiie 
electroplQ^siological properties of a cell raejoabrane coxx^nisixig a 
^ycocalyXft the xnefUod comprising the followicig steps: 

(i) making a substantially planar substrate for use in patch clamp 
anabasis of Ihe electroplrysiologiofil properties of a cell memhcane 
conoprising a glycocalyx, herein the substrate comprise an aperture 
bavitig a rim de£bcdng the aperture, the rim bdng ads^ted to fomi a 
gigaseal upon contact ynSi liie cell membrane, liie method comprising 
fiie steps of 

(ii) providUbog a substrate template; 

(iii) forming aa aperture in^e template; and 

(iv) fomiing a rim around the aperture such that the run protrudes &om 
the substrate to a height in excess of the thickness of the glycocalyx- 

(v) contacting the cell membrane with the dm of an aperture of ihe 
substrate such that a gigaseal is fowned between the cell membrane 
and the substrate; and 

(vl) measuring the electrophysiological properties of the cell 
membrane. 

In a piefetred embodiment of the third aspect of the inve$Qiiox)» th^ 
is provided a m^od of establishing a whole cell measuring configuration 
for deterauning and/or monitoring an electrophysiological property of one 
or more Ion channels of one or more ion chamiel-containing structures, said 
melhod comprising the steps o£ 

(i) providing a substrate as defined above; 

(U) supplying a carriesc liquid at one or more aperbir^^ said carrier 
liquid containing one or more ion channel-containing stiuctcires; 
(iii) positioning at least one of the ion channel-containing stcuctores at 
a corresponding number of apertures; 



J-O6-2OO4 JH/2004 15:08 EKIC POTlifciAEKSON FAX No. 0115 9552?ni ^ 4B| P rGB0301705 

010 05706.2004 16:09:43 



14a 



(iv) dieckiog for a higjbt electxical resistance seal between an ion 
chdmel-contaizu^ structore held at a site (Le. apedture) and the 
surj&ce part of the site (i.e. rim) vAlii "wfaidbi the high electrical 
re^stance seal is io be provided by successively applyhig a first 
eleotdc potealial difiGsrence between Ihe measoxing dectrode 
associated vnUti the site and a reference elec(rode» monitoring a first 
current flowing between said mi^uring electrode and ^d rei^ence 
electrode, and comparing said 
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provided. Tb» person skilled in the art will be able to select such suitable 
measuring citcuiL 

A j&>urth aspect of the ixxmxiioai provides a kit for performing a metbod 
5 according to Claim 24, the kit conipxisin^ a substantially planar substrate 
fbr use ixx patch clamp analysis of the electropbysiologicBl properti^ of a 
' cell membratie compdsing a j^cocalyx, wherein the substrate comprises an 
apeiture having arim defining tbe aperture^ the xim being adapted to fqm a 
^^eal upon contact wiih the cell memibrane, the lim {n-otmding from the 
10 plane of the substrate to a height in excess of Ihe thickness of the ^ycocalyx 
and one or more media or reag^ts for perfoimix]^ patch clamp studies. 

Preferably the kit comprises a plurality of substrates^ 

15 The invention will now be descdbed with reference to the following 
non-^liaiiting examples and figures: 

Figure 1 shows the cell whfa a patch pipette attached. la the gjgaseal 
zxmc» (Indicated by shaded area at point of contact between the pipette tip 
and &e cell membrane) the glycoprotems of the glycocalyx have been 
20 displaced laterally to allow direct contact betwe^ the noembrane 
phospholipid bilayec and tiie pipette; 

Figures 2a and 2b show a cell attached to either a pipette tip (Figure 2a) 
or a planar substrate figure 2b). Tbe ar^ of contact between tbe cell 
memlncane and substrate sur&ce is considerably laig^ in the substrate 
25 configuration (Figure. 2b) than in the pipette configuration (Figure 2a). 

Figure 3 shows the variation in actual pipelte resistance for each 
intended resistance set; 

Figure 4 shows Gigaseal success rat© versus pipette resistance; 
Figure 5 shows the success rate of whole-cell estabhshment (ftom 
30 successful gigaseals) versus pipette resistance; 
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Figure 6 ^ows tine tixae-dependence of gigaseal formation wrfh 
difGamt aperture sizes, Ihe ecror bars indicatixig tiie standard deviation £cqxxl 
^emeajo; 
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CLAIMS 

1. A substantial^jr planar substrate foruse inpatoh clamp analysis of the 
eiecttophysiolo^cal ptoperdes of a cell mexnbjrane coixpdsmg a 
5 glycocalyx, wherein the substrate ccanpdses an apettme bawkg a tim 
defining Ihe aperture^ tbe rim bdng adapted to fonn a gigaseal upon contact 
mfh tbe cell membrane^ the lim protruding firoxn the plane of the substrate 
to a heij^t in ^cess of the iMckness of the ^ycocalyx. 

10 2. A planar substrate according to Qdm 1 i7\^erein Ae rim iirotrodes 
from the plane of the substrate to a height of at least 20 nm above the 
surface of the planar substrate, preferably least 30 cm, at least 40 nm, at 
least 50 nm, at least 60 nm, at least 70 mn^ at least 80 nm, at least 90 nm or 
at least 100 nm. 

15 

3. A planar substrate according to my one of the preceding claims 
wherein tiie width of the rim is in the range 50 to 200 nm» 

4. A planar substrate according to any of the preceding claims, in which 
20 the length (i.e. depth) of the aperture is between 2 and 30 pm, preferably 

between 2 and 20 pm, 2 and 10 pm, or 5 and 10 pm, 

5. A planar subsirate according to any of the preceding claims wherein 
Ihe diameter of the ^erture is in the range 0^ to 2 }mi. 

25 

6. A planar substrate according to any one of the preceding claims 
wherein the rim extends substantially perpendicularly to the plane of the 
substrate. 
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7. A substrate according to aay one of Claiias 1 to 5 wherein the rim 
fomia aa obfique angle i;vi1ii Ike plane of fiie substrate. 

S, Asubstrate accoxdingto my one of Claims 1 to 5 wlou^ceialhejdxn is 
5 substantially parallel to llie plane of the sobstrate* 

9. A substrate according to Claim 1 wherein the rim is defined by a 
mouth of the aperture^ which moufh has aiadius of Cttrvatore between 5 and 
lOOnm with an angle of 45 to 90 d^ees. 

10 * 

10. A planar substrate according to any of the preceding claixns wherein 
the substrate is made of silicon* plastics, pure silica or otiier glasses, such as 
quartz and PyrexTM, or silica doped with one or mote dopants selected 
jSf om the group of Be> M& Ca, B. Al» Ga, Ge, N, P, As ♦ 

15 

11. A planar substrate according to Claim 10 wherein the substrate is 
madeof sUiccHL 

12. A substrate accordixig to any of the preceding claims wherein the 
20 sur&ce of the substrate and/or the walls of the aperture are coated wilh a 

second coating matedal, 

13. A substrate according to Claim 12 wherein the coating matedal is 
siliccm, plastics* pure silica, oth^ glasses sudi as quartz: and PyrexTM, 

25 silica doped with one or more dopants selected from the group of Be^, Mg. 
Ca, B> Al, Ga, Ge> K As, or oxides of the same. 

V 

14. A substrate according to Claim 10 wherein the coating matedal is 
silicon oxide. 

30 
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IS. A method of m^ildbag a substantially plaoar substrate for use in patch 
clan^ an3lysis of tiie electrophysiological properties of a cell membrane 
coxnpijsing a gjycocalyjc \^4lftrem the substrate coir5>risM an aperture 
having a rim defiboing the ^erlure» the rim bdng ad^ted to farm a gigaseal 
5 xtpm co(Dtact with the cell xaenibEane, the method comprising the steps of 

(i) providing a substrate template 

(ii) forming an apertwe ixx the template; and 

10 

(iii) foiining a rim around the aperture such that the rim protrades 
from the substrate to a height in e^tcess of the thickness of the 
glycocalyx. 

15 16. A method according to Claim 15 tvherein the substcate is 
manu&chrred using siHcon micro M>iication technology. 

17, A method according to Claims 15 or 16 wherein step (ii) comprises 
fomiang an aperture by use of an inductively coupled plasma (JCP) deep 

20 reactive ion etch process. 

18, A mettiod according to sxsy one of Claims 15 to 17 fiuther 
comprising the step of coating die sur&ce of the substrate* 

25 19. A method according to Claim 18 wherein step (iii) is p^octned at 
the same time as coating the substrate. 

20. A method according to Clsum 18 wherein step (iii) comprises an 
intermediate step of a directional and selective etchiug of the fixHit side of 
30 the substrate causing a removal of a masldng layer on the front side of the 

i 

I 

i . 
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substrate, aad further proceediiig tibie prescribed protrusion distance into the 
mderlyijPLg stibstrate* 

21. A xadiiod accordiixig to Claims 18, 19 or 20 wherein tfac coating is 
deposited by use of plasma enhanced chemical vapour deposition (PECVD) 
and/or by use of low pressure diemical vapour deposition (LPCVD), 

22. A method according to Claim 21 wherein the coating is deposited by 
use of plffima eohanced cheodcal vapoor deposition (PBCVD). 

23. A m^efhod accordixig to ClsHm 17 wherein step (iii) comprisBg 
foxxning a rim from a deposited surJ&ce coating by use of plasma enhanced 
chemical vapour deposition (PECVD). 

24. A method for analysing electrophysiological properties of a cell 
membrane comprising a glycooalyx, the method comprising the followiog 
steps: 

0) making a substantially planar substrate for use in patch clamp 
analysis of the electrophysiologica) properties of a cell meuflnmie 
comprising a glycocaj^^ wh^ein the substrate corpprises an 
aperture having a rim defining the aperture, the rim bemg adapted to 
form a i^aseal upon contact with the cell membrane, the method 
comprising the steps of 

(ii) providing a substrate tearqplate; 

(ill) forming an aperture in the t^plate; and 
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(iv) foraiing a rixa aromd the sgjerture such tiiat the xhxx protrudes 
fiom the substcate to a heigjbt in eK;cess of fhd thickness of the 
glycocalyx. 

(v) contacting the cell monfarane with the ma of an aperture of the 
substiiate such that a gigaseal is &>nned between fbe cell membrane 
and the subslxate; and 

(vi) measuring die electrophysiologic^ properties of the cell 
xn^oihiane. 

25. A kit for perf<MXQing a method according to Claim 24, the kit 
comprising a substantially planar substrate for use ixx patch clamp analysiis 
of the electrophysiological properties of a ceU membrane comprising a 
glycocalyx, wherein the substrate comprises an aperture having a rim 
defining the aperture^ the rim bemg adapted to form a gigaseal upon contact 
with the cell membrane, the rim protruding from the plane of the substrate 
to a heigiht in excess of the thickn^s of the glycocalyx and one or more 
miedia or reagents for performing patch clam|> studies. 

26* A substrate substantially as herein before described with reference to 
the accoinpsMDyiwkg drawings. 



27. A method substantiaUy as herein before d^cdbed with reference to 
the accompai^ing drawings. 

28. A Mt sabstantially as h^n^ before desoibed with reference to the 
accompanying drawings: 
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